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on a 10% gel and then transferred to nitrocellulose using a semi'- 
dry e lectrotilotter. The nitrocellulose was blocked and loaded 
into a Multi-Screen immunoblott ing apparatus (Bio-Rad) . Pooled 
serum from each group of immunized mice was diluted and then 
incubated in separate wells of the apparatus. The blot was 
developed using an alkaline phosphatase-conjugated goat antibody 
to mouse IgG (Kirkegaard & Perry Labs, Gaithersburg , Md.) to 
identify the presence of BoNT/A-specif ic antibody. 

Construction and expression of Bo^fT/A gene fragments. The 
BoNT/A gene was aubcloned into overlapping fragments ranging in 
size from -300-600 base pairs by using PCR. The primers encoded 
flanking restriction sites that permitted convenient insertion 
into the expression vector used, and allowed transcriptional and 
translational r.ead -through of the amplified fragments to occur 
15 • (Table i) . Piasmid vector pMTD74 was used to express the 
amplified BoNT/A gene fragments in E. co li. Insertion of the 
.PCR-awplified fragments into the expression vector pMTD74 
resulted in translational fusion to the A2 peptide of cholera 
toxin (Ct>cA2) (8). The fragments were fuaed to CtxA2 to provide 
a vaccine for administration mucosal ly. The presence of BoNT/A- 
specific protein wns determined by iinraunoblotting analysis, using 
poiyclonsil horse antiserum to BoNT/A, and by comparison of the 
predicted size of the truncated protein to its actual size. 
Fusion to- CtxA2 increased the predicted size of the truncated 
BoNT/A proteins expressed by an additional 5.4 kDa, but it did 
not appear to affect their ability to be produced. By expressing 
overlapping segments of the toxin, all potential linear epitopes 
were encoded. fioNT/A is post tran.lationally dleaved into the 
liyht (L) and heavy (H) chains which are joined together by a 
di.ultide bond. The position of each fragment within BoNT/A is 
indicated by the chain it was derived from (L or H) , followed by 
the ammo acid residues of boNT/A encoded.). The T7 promoter 
expressed these proteins at high levels in E._cpU. The BoNT/A- 
-pecitxc proteins were expressed primarily in the form of 
inclusion bodies that could be isolated by differential centrifu- 
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gation upon lysis or the cells. 

Purification of BoNT/A proteins. While the crude lysates 
containing the BoNT/A proteins were initially used for immuni- 
zation of mice, it was found preferable to use at least partially 
purified materials to provide improved tolerance and to effec- 
tively produce strong, specific antibody response • For these 
reasons, the lysates containing the truncated BoNT/A proteins 
were subjected to purification by preparative SDS-PAGE and then 
used for immunization of mice. Preparative SDS-PAGE provided a 
10 convenient method of both solubilizing and separating the BoNT/A 
proteins from the majority of other contaminants present in the 
lysates. Although the BoNT/A proteins were not always purified 
to homogeneity, they were highly enriched. Furthermore, the 
BoNT/A protein^ remained soluble after the SDS was removed/ which 
Lb facilitated the administration of these proteins to mice. 

Immunogenicity of BoNT/A proteins. Mice were immunized i.p. 
with the truncated BoNT/A proteins emulsified in Ribi''" adjuvant., 
The mice were immunized at 2 -week intervals, and one week after 
the last immunization, their serurn was analyzed for the presence 
'^0 of antibody to BoNT/A. Since BoNT/A can be separated by SDS-PAGE 
into a SO KDa light, chain and 100 kDa heavy chain, immunoblotting 
analysis was used to evaluate whether the antibody elicited by 
each truncated protein reacted with the appropriate chain. 
Optimal antibody responses were observed in mice after the fourth 
25 dose. An of the truncated proteins were able to elicit an 
antibody response except ^^^^^.^220- Although this fraginent was non- 
immunogenic, it waa highly antigenic when reacted with polyclonal 
horse antiserum to BoNT/A. Unlike the crude lysates used for 
immunization previously, the purified proteins were well- 
tolerated and could be repeatedly administered to the mice. In 
addition, tht^ purified proteins were able to elicit an BoNT/A- 
ir^pecific antibody response in mice. This difference in the 
immunogenicity of the crude lysates cannot be accounted for by 
the lack of BoNT/A-specif ic protein, since the lysates used for 
immunization were known to contain appreciable quantities of 
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truncated protein. 

protective eftioscy of BoNT/A proteins. Two weeks after the 
final imnmnization, each inouse was challenged i-P- with 2 lethal 
doses of BoNT/A (2 MIPLD^^) . This dose was chosen for initial 

5 screening to observe any potential ability of the proteins to 
elicit protective immunity. As shown in Table 3; only two 
proteins protected the majority of animals from death. Both of 
these freigmehts were derived from the heavy chain and encoded 
amino acid residues H^55.66i ^ii5o-izb9' 

10 ^455-661 serotype A neurotoxin is the sequence 

H3N-IKVNN WDLPF SPSED NFTND LNKGE EITSD TNIEA AESNI SLDLI 
QQYVL TFNFD NEPEN ISIEN LSSDI IGQLE LMPNI ERFPN GKKYE LDKYT 
MFHYL RAQEF EHGKS RIALT NSVNE ALLNP vSRVYT FFSSD YVKKV NKATE 
15 AAHFL GWVEQ LVYDF TDETS EVSTT DKIAD ITIII PYIGP ALNIG NMLYK 

DDFVG ALIFS GA-COOH 

and H;li«so a^^ag serotype A neurotoxin is the sequence 

20 H3N--LNSSL YRGTK FIIKK YASGN KDNIV RNNDR VYINV VVKNK EYRLA 

TNASQ AGVEK ILSAL EIPDV GNLSQ VVVMK SKNDQ QITM CKMNL QDNNG 
NDIGF IGFHQ FNNIA KLVAS NWYNR QIERS SRTLG CSWEF IPVDD-COOH. 



Although some of the other truncated proteins appeared to 
2r> provide partial protection at the challenge dose initially used, 
none were as definitive as H^r^j^.^.^x ^]ir,n-i2a9* * Rechallenge of 
the survivors with 2 MIPLD99 of BoNT/A resulted in the death of 
all mice except those immunized with' the two protective frag- 
ments. To confirm these results, separate groups of mice were 
30 immunized with fragments H^cjr^.ggi and ^1^35^^.-1^239 as before and then 
challenged with 10 MIPLD^f^, The survival rate for :nice immunized 
with H^^^r^.gf^-^ and H^j^i^f^ . ^289 ^^"^^ Challenge dose was determined 
to be 87,5% and 60.0%, respectively. 
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T^BLE 3 . lumunogenicity and protective ef ficacy of the truncated 
BoNT/A proteins 



Protein 

Segment^ 

Survival 



Inmiuno- 



Number of 
Survivors- 



% 





-h 


1/10 


10.0 


^126 • 27 1 




0/8 


0,0 


^'2-i7-46S 


+ 


0/9 


0.0 


^dSS 661 


+ 


7/9 


77,8 






0/5 


0.0 


^7 an 919 




2/7 


28.6 






0/8 


0.0 


^^■)H2 112 % 




1/9 


11. 1 


1 < 17 ^ 12 n 




0/5 


0,0 




+ 


6/8 


75.0 



- Amino acid residue number of the light (L) chain and the 
hoavy (H) chain. 

CB6F1 mice were immunized l.p. with four doses of each 
protein c\t 2-week inLervals. One week after the last dose, the 
mice were bled and the serum was analyzed by imniunoblot for the 
pfesence of antibody specific for BoNT/A. 

Number of" survivors/total number 4 days after challenge 
with 2 MIPLa^^-j of BoNT/A. 
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B=OT«-.pecU-ic antibody in th. l»uni.ea , , 

- First the sensitivity =£ this methoa maximized the 

= Lti.oay, r..araie.. =t «.etner it was --^"\^^°";'^^*:,;,^'rnro 
a conformational epitope. Second, by separating B=NT/A l 
its heavy and U,ht ohains, this procedure ais. ^^^^"f,^^, 
Cham specificity ol the antiboay to be oonfirmea. By this 
method, all fragments were able to elicit an antibody response, 

10 except Hii-,7i, 127,(1- ■ ^ elicit 

Althoucih mcst' of the BoNT/A fragn^ehts were able to elici 
ar.tibody, only two were clearly able to confer protective 
immunity (Table 3) . The protective efficacy of H^SS-eei ^^^^ ^l^^^' 
, ,,,, correlates .well with the potential functional role of these 
r-, dc-analns.' The N-terminal half of the heavy chain (%) of BoNT/A, 
t-ron. which H,,,,.,,, was derived, has been shown to be important in 
productive binding and internalization of the toxin to the cell, . 
The c-terminal half of the heavy chain (H^) , from which Hu50-i289 
was derived, has been associated with the initial binding of the 
?o toxin to the cell. If these functions are encoded by either 
fragment, then antibody specific to these domains would be 
predicted to interfere with the binding and/or intfernallzation of 
BONT/A. This, in turn, would prevent intoxication of the cell. 
The location of these protective domains on the extreme N- and C- 
12^3 terminal ends of the heavy cnatn suggest that important function- 
al roles may also be encoded by these fragments. ' We are 
currently exploring this possibility. 

The light chain fragment h^2s-?:yi "^^^ '"^"^^^ protection 
even though it elicited an antibody response (Table 3). This 
■JO fragment encodes a highly conserved histidine-riQh motif 
characteristic of zinc-dependent metalloproteases, such as 
DoNT/A. Although unproven, antibody directed to this region may 
block the enzymatic activity of BoNT/A. The inability of Li26-27i 
to protect suggests that the antibody elicited by this fragment 
3'j may not have been directed towards epitopes involved in the 
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enzymatic activity of the light chain. 

StucUes with MAbs suggest that .any of the antibody 
^eter..nants of BoNT/A .ay he confor.aticnally sensitive, and 

pr^te'in" H''"" '° "'^^ ^^^^^^ ^ - oligo.erio 

that :L .r'/^ oligo.eric, th.n it i. p.ssi.Ie 

uln": interaction of adjoining 

ZTer2\ H-a.-.istant pa.ts of the toxin 

ainino .cid . '^^^ ^°"^P^^i^on of the 

^ J :::.rir;rr:^ ToroiToV™ 

cont.ainina .r.i^ ■ cocktail of recombinant proteins 

wL.aj.nang ammo acid st^^f)l/an,^^^^ r 
serotypes (h ^^qu^nces from analogous domains other 

•nethods Of the' inven"^? ^'^-.^n-.s) should be prepared using the 

than. — 

The entire domains of h ^> 

antiyenicity and immunoprotection , 



BEST AVAIUBLE COPY 

Received from< 7034298406 > at 7/16/03 9:12:37 AM [Eastern Daylight Time] 



